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Page 10, line 43, for *cliams* read «clalms« 
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I, Simone Garndbr a citizen of France, of 
50, Rue de la Bidassoa, Paris (Seine), 
France, do hereby declare the invention, for 
which I pray that a patent may be granted 
to me, and the method by which is to be 
performed to be particularly described in 
and by the following Statement: — 

The present invention relates to a pro- 
cess for treating cellulosic material and to 
the novel industrial products obtained there- 
by, such as, for instance, additive and aggre- 
gate compounds for preparing mortar and 
concrete, insulating coatings, building 
mortar, finished, stable, light, load-carrying 
products, adapted to be used as heat- 
insulating means, fire-screens and the Hke. 

The manufacture of agglomerates from 
wood waste (e.g. sawdust, fibres, and shav- 
ings) or from straw (such as reeds, and corn, 
flax, and rice straw) is well known. Ac- 
cording to the various processes of the prior 
art, the binding agent used is e.g. a poly- 
merizable synthetic resin or a thermosetting 
impregnation material, a hydraulic binder 
or a magnesium cement (also known as 
"Sorel cement") ; the resulting product may 
be subjected to compression, to a thermal 
action or to both simultaneously, and the 
cellulosic material may be used alone or in 
conjunction with other natural or synthetic 
organic or mineral fillers. 

When operating the agglomeration by 
means of a hydraulic binding agent, the pre- 
viously known methods all advocate a care- 
ful sorting of the various kinds of wood, 
in order to remove the acid species such as 
beech, or the tannin-containing species such 
as oak, elm, larch, chestnut, and a screening 
operation for the rejection of small-si?e 
wastes. The agglomeration step which fol- 
lows uses either large amounts of a binding 

[Price 



material (75 to 200 litres of sawdust for 
100 kg cement) without preliminary treat- 
ment of the cellulosic particles, or using, 
when diluting, known additive components 46 
such as BaCl 2 or CaCl 4 . A preliminary 
treatment of the sawdust may also be car- 
ried out for "mineralizing" the cellulosic 
particles, consisting in an extensive impreg- 
nation either in aqueous solutions of one or 50 
more alkaline-earth compounds, such as a 
8—10% CaCI 3 solution, BaC a solutions at . 
16° Baume, sodium silicate and the like, or 
in alumina or heavy-metal sulfate solutions 
which may later be neutralized by salts such 55 
as barium salts or by means of bases, or 
still, at the time of mixing of the concrete 
or mortar, with formoL bisulfite lye and 
slaked lime. It is also known to boil saw- 
dust in water and then after draining and 60 
washing with water, in a ferrous-sulfate 
solution, after which a high amount of 
lime is added. 

The main disadvantage of the products 
obtained by means of these known tech- 65 
niques is an excessive hygroscopicity result- 
ing in their undergoing substantial and con- 
tinual variations in their dimensions accord- 
ing to changes of the ambient conditions 
such as heat, humidity, wind and the like. 70 

It has been found that only such pro- 
cesses which make use of barium chloride, 
either for impregnating the particles, or as 
an additive in the mixing step, will yield a 
final product presenting desirable mechani- 75 
cal properties (mortar obtained using a pro- 
portion of 335 kg cement per cubic meter). 

All the hereinabove briefly mentioned pro- 
cesses however present serious drawbacks. 
In the first place, the impregnation agents 80 
or additives are very costly, and so are the 
methods applying the same. Moreover, the 
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setting time of the mortar is long and 
Irregular and the maturing and drying 
period of the mortar is also substantially 
long, exceeding 30 days unless a special 
5 autoclave treatment is resorted to; this 
latter step is essential for stabilizing the 
shrinkage and reducing the tendency to di- 
mensional variation. Finally, the resulting 
products may only be prepared in the work- 

10 shop; up to file present time, however, it has 
not been possible to use conditions of pre- 
paration and utilization similar to those of 
conventional concrete when pouring wood- 
based concrete into forms. 

15 It is an object of the present invention 
to eliminate the above mentioned drawbacks 
of the conventional processes and to provide 
a method for treating cellulose which con- 
sists essentially in impregnating the cellu- 

20 losic material to be treated, preferably at 
an elevated temperature, with an aqueous 
solution of one or more metal sulfates, e.g. 
iron sulfate, and, if desired, in proceeding 
with a further impregnation with a metal 

25 sulfate, whereafter the cellulosic material 
thus treated is coated with alginic acid or 
with one or more salts of alginic add, pre- 
ferably used in the form of gels, following 
which an aqueous solution of a calcium, 

30 barium or strontium compound, for instance 
BaCL, Is incorporated in the resulting mass, 
and finally coating, if desired, the treated 
mass with a small amount of dry cement in 
powder form. 

35 According to a preferred embodiment of 
the invention, the product resulting from 
the impregnation or from each impregnation 
is allowed to rest during a substantial period 
of time, preferably from a few hours to 

40 several days, before the coating with alginic 
add or alginate(s). 

According to the invention, the first im- 
pregnation step is preferably carried out by 
means of an aqueous solution of ferrous sul- 

45 fate, alone or in admixture with other metal- 
lic sulfates, such as copper zinc sulfates. 

The second impregnation may be effected 
with a powdered metal sulfate or with an 
aqueous solution of a metal sulphate. 

50 As above mentioned, the impregnated 
cellulosic material may be directly coated 
with powdered alginic add, without resort- 
ing to salts of said add, or with alginates. 
The said alginates may be used alone or in 

55 admixture with suitable additives such as, 
for instance, fillers, activators or catalysts 
for the setting and hardening of concrete, 
dyes (soluble or insoluble pigments). Be- 
sides, the coating with alginates may also 

60 be carried out before the impregnation steps 
or therebetween, after adding the barium 
compound, for instance BaCK, or even after 
the coating with powdered cement 
It is another object of the invention to 

65 provide, as novel industrial products, the 



aggregates obtained from particles of resin- 
ous wood or of leafy wood (even of high 
tannin contents) or from any other cellulose 
form and which are manufactured by means 
of the process according to the invention; 70 
said aggregates being, moreover, adapted to 
be utilized either at the workshop, or on the 
work site, singly or in combination with con- 
ventional aggregates or with fillers. 

Still another object of the invention is to 75 
provide concrete additives which are im- 
permeabilizers, plasticizers, air-entraining in- 
gredients and catalysts being sawdust treated 
according to the above mentioned process; 
these additives may be admixed in any de- 80 
sired proportions with the aggregate or the 
binding agent, before the mortar or concrete 
mixing step. The invention also aims at 
providing mixtures of said aggregates with 
hydraulic binders or air-setting binders (as 85 
in lime mortar), viz. wood based mortars 
or concretes having improved properties, 
more particularly, a high simplicity of work- 
ing or implementing, substantially no shrink- 
age upon drying and no dimension varia- 90 
tions. Moreover, the wood based mortars 
and concretes according to the invention are 
impervious, heat insulating at high tem- 
peratures, slightly plastic and adapted to 
serve as fire screen. The products also $5 
possess valuable mechanical characteristics 
(e.g. a compression strength of 156 Kg/cm 2 
and a tensile strength of 43 Kg/cm 2 ), which 
enable them to be used as carrier elements; 
besides, they do not necessarily require any 100 
surface smoothing. 

In particular, the concrete produced 
according to the invention may be subjected 
to pressure moulding, yielding products hav- 
ing remarkable mechanical characteristics, 105 
e-g. a compression strength of 220 to 230 
Kg/cm s and a tensile strength of 80—85 
Kg/cm 2 , at a spedfic gravity of about 1.4. 

Moreover, the mixed concrete or mortar 
according to the invention may be employed HO 
in a particularly simple and useful way, 
since it may be poured into casings, rein- 
forced, used as a masonry binder (thereby 
eliminating zones in which the thermal con- 
ductivity is unduly high), and applied as an 1 15 
ornamental or other facing either by con- 
ventional or by mechanical methods, or by 
means of pneumatic spraying ("gun 
cement"). It may also be worked like 
wood, as by polishing, sawing, nailing, 120 
screwing: finally, the material may also be 
ground, beaded or crimped and chamfered 
or bevelled. 

According to a further desirable feature 
of the invention, the present process enables 1-5 
the mixing to be carried out in hot water, 
at temperatures exceeding 50°C, thus enabl- 
ing a very fast setting and the removal from 
the mould three to four hours after pour- 
ing: this avoids, in the prefabricating tech- 130 
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nigue, the use of expensive moulds with 
provision for supplementary heating. 

The process according to this invention 
was developed after systematic investiga- 

5 tions carried out m relation with the in- 
hibitive power of wood affecting the setting, 
crystallization and hardening characteristics 
of hydraulic binders. 

It was found that after having com- 

10 pletely exhausted, by lixiviation in boiling 
water, the various water-soluble constitu- 
ents of wood, the sawdust treated still 
showed a substantial inhibitive effect on the 
setting and more particularly on the harden- 

15 ing of cement, and that immediately upon 
mixing of the concrete or mortar a chemical 
action of the binding agent on the various 
constituents of the wood developed. 
Thus, all known processes where sawdust 

20 is treated by a base, and specifically by lime, 
or such processes which do not provide for 
effectively isolating the cellulose particles 
from the cement, yield a hygroscopic and 
dimensionaBy unstable product 

25 It has been found after a series of tests 
that in order to obtain a fast-setting wood- 
based concrete, having desirable mechani- 
cal properties, the cellulosic material should 
be waterproofed rather than merely provided 

30 with mineral filler, and to provide a chemi- 
cal binding whereby the cellulose particles 
form an integral part of the concrete and do 
not solely behave as a filler. Finally a 
neutralizing agent should be incorporated in 

35 one of the phases of the concrete, which is 
adaDted to react with such substances liable 
to inhibit the setting or crystallization of 
the concrete, or otherwise to impair it, as 
might still occur in the free state. 

40 The invention will now be explained in 
greater detail, taken in conjunction with ex- 
amples illustrating its various applications 
and how the same may be performed. 
According to an embodiment of the im- 

45 pregnation step in the method according 
to the invention, the cellulosic material is 
freed from very fine particles by prelimin- 
ary screening and left to soak, in bulk or in 
containers formed of a fine wire gauze, in an 

50 aqueous metal sulfate solution, having a 
concentration ranging from 0.25 to 10% of 
sulfate, and, preferably from 0.5 to'4% 
by weight The impregnation may be 
carried out at ambient temperature and may 

55 last from 5 to 24 hours; it was found how- 
ever that a treatment effected at a higher 
temperature (from 70° to 100°C) provided 
a more complete reaction between the solu- 
tion and the cellulosic material and allowed 

60 the soluble constituents of the material to 
be more readily dissolved; this hot treatment 
enables the soaking time to be reduced to 
45—150 minutes. The soaking time may be 
further reduced and the osmotic inter- 

65 changes activated by applying to the solu- 



tion a high-frequency vibration of the order 
of 100 to 1000 c/s, or more. 

According to a particular embodiment of 
the impregnation applied in this process, the 
cellulosic material is worked with a solution 70 
of ferrous sulfate in amounts varying from 
0.75 to 0.15 litre of solution per 1 litre of 
sawdust. 

After completing the impregnation, the 
treated mass is drained of its water over a 75 
wire gauze, the said draining may be, if re- 
quired, promoted mechanically or by centri- 
fugation, but it is readily effected when the 
impregnation has been carried out at an 
elevated temperature. The amount of solu- 80 
tion retained by the cellulosic material 
should not exceed 200 to 220 g per litre of 
the product obtained. 

When the draining is completed, 
the mass is worked with a colloidal 85 
gel of alginates, having a concentration 
of 0.52 % the proportion of the gel 
being from 80 to 125 g per litre of im- 
pregnated cellulose, that is to say, roughly 
0.080—0.125 litres of gel per litre of im- 90 
pregnated cellulose, or 8 to 12.5%. The pro- 
portion of powdered alginates will vary from 
0.45 to 0.625 grams, therefore, per litre of 
cellulosic material used. 

It has surprisingly been found that after 95 
this working a substantial proportion of 
liquid comes out of the material treated 
with alginate gel, the mass of this liquid 
often exceeding the mass of alginate gel 
which has been used. This liquid phase 100 
separates very easily and quickly and there 
is no necessity to use a centrifuge or other 
mechanical means to secure draining. The 
material need only be placed on an inclined 
surface, for separation to take place of its 105 
own accord. It has also been found that 
the working of the treated and drained cellu- 
losic material with the alginate solution is 
desirably effected while the drained cellu- 
losic material is at a temperature comprised 110 
between 30 and 50°C The operation may 
however also be carried out when the ma- 
terial has cooled again to ambient tempera- 
ture. 

When the liquid has come out of the 115 
alginate-containing material, the mixing of 
the mass is resumed, by incorporating there- 
to step by step an aqueous solution of a 
calcium, barium or strontium compound, in 
the proportion of 80 to 140 ml per litre ot 120 
the sawdust constituting the starting ma- 
terial Surprisingly, a clear liquid again 
spontaneously separates from the material 
which has just been treated with the cal- 
cium, barium or strontium compound. 125 

' The cellulosic material thus prepared is 
then ready, as such, if it is desired to use 
it immediately, to be mixed with a hydraulic 
or aerial binding agent. 

If it is desired to use it with cement, the 130 
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proportions to be used are preferably 50 kg 
of cement for 100 to 250 litres of the mass 
treated by the process of the invention, 
according with the physical characteristics 
5 and the setting time desired; an excellent 
result is obtained by using 50 kg cement for 
120 to 150 litres of aggregate, which propor- 
tions correspond to a conventional concrete. 
The dilution is preferably carried out in 

10 a vertical mixer with forced mixing, but it 
is also possible to operate in a trough or in 
an ordinary concrete mixer. Should the 
humidity contents of the treated mass be in- 
sufficient, small amounts of water may be 

15 added, the concrete tending to become fluid 
by itself after a few seconds of mixing. 

After mixing, the concrete may be 
moulded in forms of any shape, according 
to the finally desired use: it may also be 

20 applied as a coating or as a masonry binder. 
In addition, the cellulosic product treated 
according to the invention may be stored, 
bagged and delivered to the users to be em- 
ployed as a cenventional aggregate. It is 

25 desirable in this case to leave it to drain 
off so as to substantially reduce its content 
of free water, but, in accordance with a par- 
ticular feature of the invention, the product 
may be mixed and completely drained with 

30 a small proportion of dry, powdered cement 
(from 1/50 to 1/10 in volume). Surpris- 
ingly, the cement may then mix perfectly 
and form, without any flocculation of the 
sawdust, a continuous film on its surface, 

35 a temperature rise occurring which promotes 
the drying of the cellulosic particles and the 
surface setting of the coating cement which 
affords a mineral filler for the sawdust 
According to a further feature of the in- 

40 vention, the cellulose material treated may 
be artificially dried, without being drained, 
to avoid losing the salts that were dissolved 
in the various solutions. 
The cellulosic material thus treated also 

45 provides an additive for preparing hydraulic- 
ally bonded mortars and concretes. It has 
been found that the addition of the treated 
sawdust in the proportion of 1/100 to 1/2 
by weight and, preferably, 1/50 to 1/10 by 

50 weight of the binder, either to the aggregate 
or to the binder, before mixing the mortar 
or concrete with conventional aggregates, 
yields an excellent additive having air-en- 
training, waterproofing, deflccculating and 

55 plasticizing properties : the fluidity and the 
cohesion of the water and cement mixture 
are thus increased. The best results have 
been obtained by adding a slight amount of 
a hydraulic or air-setting binder. 

60 It has also been found that in this case 
applying a coating of dry cement on the 
. sawdust, in the proportion of 1/80 to 1/30 
by weight, and preferably 1/60 to 1/30 by 
weight, produced an additive which has a 

65 marked action on the setting and on the 



crystallizing and hardening properties of 
the cement More particularly, at the time 
of mixing, the said additive behaves like an 
air-entraining ingredient, thus permitting a 
reduction of the amount of water required 70 
for a good workability of the mortar or con- 
crete. 

It is also within the scope of the inven- 
tion to cause the cellulose particles to absorb 
or adsorb, at any time during the prepara- 75 
tory treatment, additives or chemical com- 
pounds the presence of which will be such 
as to modify, physically or chemically, the 
structure, the behaviour, the external appear- 
ance, or the density of the material, either 80 
during mixing or during the setting or subse- 
quently thereto. 

Examples of these compounds are dye 
materials and fluosilicates. Other com- 
pounds may be added, such as a powdered 85 
alginate or alginic acid, or furthermore a 
powder of a product such as bentonite which 
swells up by absorption of water; the use 
of such an additive gives rise to an infinity 
of minute cells formed of the water-swelled 90 
substance which, little by little, surrenders 
this water to the concrete proper during and 
after the setting thereof, thus forming empty 
cells. 

This process permits substantial reduction 95 
of the apparent density of the conventional 
concrete and increases markedly the heat in- 
sulating qualities thereof. 

Independently of its additive qualities, the 
sawdust as treated by the process of the 100 
invention provides as above stated an ex- 
cellent aggregate which may be mixed with 
a binder, either in the workshop or on the 
working location, in a proportion per volume 
of the aggregate ranging from I to 5 per 1 105 
volume of cement, the amount of water in- 
volved being substantially from 1/2 to 2/3 
of the weight of cement utilized in the case 
of the mean proportion of 3 volumes of 
aggregate per 1 volume of cement Thus, a 110 
light concrete will be obtained, the charac- 
teristics of which are, after 28 days, as 
follows : 

Specific gravity: 1 to 1.1 
Compression strength : 130 to 160 kg/sq. cm 115 
Tensile strength : 30 to 45 kg/ sq. cm 
Thermal conductivity: 0.14 Kcals. per sq. 
metre per hour for a temperature gradient 
of 1°C per metre 

Life of the 6 cm-thick fire-screen: 3 hours 120 
Low acoustic conductivity 
Not subject to frost-crack. 

According to a preferred embodiment of 
the invention,' the cellulose particles are 
soaked, during 80 minutes, in an aqueous 125 
solution of iron sulfate at a temperature over 
80°C The said solution is preferably pre- 
pared with commercial-grade ferrous sulfate, 
in the proportion of 2 to 4% by weight of 
the amount of water, titrating from 2° to 4° 130 



1,003,850 



5 



Baume at 15°C when measured with the 
acidimeter. Before starting the impregna- 
tion process, it is desirable, in order to 
activate the reactions, to adjust the starting 
5 pH of this original solution so as to reduce 
it to a value ranging from 3.5 to 6. 

The cellulosic particles readily absorb the 
solution up to the point of saturation owing 
to the osmotic interchanges and to the vari- 

10 ous chemical reactions, the pores of each 
fibre particle thus being partly filled up 
through the presence of precipitates within 
the said particles and on the surface thereof. 
At the end of the process, the pH of the 

15 solution is comprised between 3 and 4. 
This solution may be re-used with ad- 
vantage, after adjustment of its ferrous sul- 
fate contents, for treating other cellulose 
particles; it has, besides, been found that 

20 a previously-used solution can promote the 
reactions that take place when the cellulose 
particles are dipped in the sulfate bath. The 
ferrous sulfate contents of said mother-solu- 
tion must then be adjusted after it has been 

25 used and the volume must be completed 
with fresh solution titrating 2° to 4° Be at a 
temperature of 15 6 C, to compensate for the 
amount of solution absorbed by the cellulose 
during the dipping; this measure increases 

30 the activity of the dipping bath. 

According to the same preferred embodi- 
ment, the impregnated cellulose mass is then 
drained by gravity to clear it from the 
excess liquid, which is recovered. The 

35 draining is effected quickly, and according to 
the masses involved and to the draining 
method selected, this operation requires 
from 15 to 70 minutes. The sawdust may 
desirably be packed to activate the draining. 

40 After the draining ooeration, the amount 
of the solution tied up in the sawdust varies 
from 250 to 500 grams per litre of the 
initially handled sawdust, the preferred pro- 
portion ranging from 300 to 400 grams, 

45 according to the nature and the quality of 
the cellulosic material involved. The pH 
is then adjusted and brought back to sub- 
stantially 4. 
Again according to the same preferred 

50 embodiment of the invention, the mass thus 
drained is then mixed with a solution con- 
taining from 0.3 to 2% sodium alginate, and 
preferably from 0.5 to 1% of the latter, and 
having a viscosity, at 15°C, of 100 to 200 

55 centipoises, 1 litre of said solution being em- 
ployed with amounts of the drained mass 
varying from 3 to 20 litres, according to 
the characteristics of impermeabilization and 
of the workability reinforcement of the de- 

60 sired concrete; preferably, however, 1 litre 
of the alginate solution should be used for 
amounts of the drained mass comprised be- 
tween 6 and 10 litres. A quantity of liquid 
generally exceeding the volume of the algi- 

65 nates treated will then separate spontane- 



ously from the mass. This liquid may be 
collected and serve as an additive for pre- 
paring conventional mortar and concrete, as 
well as light concretes with cellulosic or 
mineral aggregates. 70 

The alginates react with the unreacted 
ferrous sulfate and form a colloidal iron 
alginate. 

Another portion of the alginates reacts 
with some constituents which stOl remain 75 
free, such as phenols or tannins and forms 
therewith, as well as with the components 
already constituted with the ferrous sulfate, 
extremely complex alginates, some of which 
precipitate on the spot, while other gellify. 80 

Although the present invention is not con- 
cerned with the very complex chemical re- 
actions proper which occur during the above 
mentioned treatments, it has been found that 
ferrous hydroxide and nascent iron were 85 
developed. 

The formation in situ of these latter com- 
pounds is very important They have an 
important catalytic action on the setting and 
hardening of concrete and improve the 90 
mechanical characteristics of the wood based 
concrete. 

Still in accordance with said preferred 
embodiment of the invention, the mass 
treated with alginates is then mixed with a 95 
barium chloride solution titrating from 15 
to 30° B6, at 15°C, and may, if required, be 
increased by 1 to 5° Be by adding calcium 
chloride (preferably, a 22° B£-solution will 
be used, the titre of which is raised to 25° 100 
Be, at 15°C, by means of an addition of 
calcium chloride). One litre of this solution 
is used for amounts of the treated mass 
ranging from 5 to 15 litres (and preferably 
1 litre of pure solution per 8 to 11 litres). 105 
The proportions are determined conveni- 
ently as a function of the quality of the wood, 
of the diversities of origin of the cellulosic 
materials and of the desired result It is 
again surprising to note that a rapid segre- 110 
gation of the mass takes place, the amount 
of liquid that comes out being such as to 
exceed in some cases the amount of the 
BaCl 2 -solution fed during the mixing opera- 
tion. v lia 

The liquid thus ejected may also serve as 
a valuable additive to the tempering water 
of the concrete materials. 

The addition of the mixed solution of 
BaCL and CaCl 2 to the treated mass again 120 
results in a series of chemical reactions, some 
of which are highly complex. 

In particular, with the ferrous sulfate 
which may have remained free, BaCl 2 forms 
iron chloride, which is known to have fungi- 125 
cidal properties, and practically insoluble 
barium sulfate, thereafter the So A ion does 
not occur any more in the soluble form. 

Since the BaCl 2 concentration is high, it 
causes in addition, the impregnation of the 130 
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cellulosic fibres and the fixation of Ba 
values on said fibres. 

According to an alternative specific em- 
bodiment of the invention BaC! 3 may in 
6 the same conditions as above be replaced 
by a saturated barium or strontium hydrox- 
ide solution, or mixed with another barium 
ox strontium compound in powdered form 
and in an intimate contact with the mass to 

10 be treated (e.g. with a carbonate, oxide or 
sulfide of barium or strontium, the oxides 
giving rise to a highly exothermic reaction). 

Finally, and according to the same pre- 
ferred embodiment of the invention, the 

15 cellulose mass thus treated is left to drain 
by gravity, so as to be cleared of any solu- 
tions spontaneously rejected during the two 
last previous operations. It has been found 
that during the said draining the chemical 

20 operations continued, and this, the more 
rapidly as the mass was at a temperature 
exceeding room temperature. 

After the said last draining operation, the 
cellulosic mass may be used for producing 

25 a wood concrete, by mixing it with a quan- 
tity of cement fixed as a function of the de- 
sired product and varying from 1 volume of 
cement for volumes of the aggregate ranging 
from 1 to 5, and preferably 3. If the paste 

30 is too dry, a small amount of water or of 
one of the liquids rejected during the two 
last draining operations should be added by 
small quantities, in order to obtain the de- 
sired consistency. 

35 It has also been found that the addition 
of a small quantity of said cellulosic mass 
treated according to the above described 
process, to sana or gravel used in a con- 
ventional concrete, allowed the flocculation 

40 effect of the cement to be reduced during the 
feeding thereof to the mixer and to diminish 
the. amount of water required for the mixing, 
increasing the workability of the mortar thus 
obtained and rendering the concrete water- 

45 proof and resistant to aggressive agents. The 
proportion of material to be incorporated 
varies from one volume of the mass for 5 
volumes of the mineral aggregate involved 
(below the latter proportion, the concrete 

50 obtained may be considered as forming a 
mortar based on a mixed mineral and cellu- 
losic aggregate) to one volume of the mass 
for 60 volumes of the aggregate used. These 
preferred proportions should however not be 

55 considered as limitative and depend, in par- 
ticular, on the specific surface of the mineral 
aggregate considered, on the characteristics 
of the cement employed and on the qualities 
desired both for mixing purposes and in the 

60 final product. 

According to a further desirable feature of 
the process of the invention, a small amount 
of dry powdered cement is added to the 
treated cellulosic mass, after its having 

65 undergone a perfect draining, either by 



means of a mechanical draining, e.g. through 
pressure or through ccntrifugation, or 
through electro-osmose or by any other ade- 
quate means. It has been surprisingly found 
that the said cement, even when added in 70 
bulk without being sprinkled on the treated 
material, does not tend to flocculate and 
that, on the contrary, it readily tends to 
spread over the total surface of each aggre- 
gate particle. The mixing with said cement 75 
may be effected by stirring, kneading, or 
powdering on a vibratory belt. The amount 
of cement to be added varies from 1 volume 
of cement for 6 to 50 volumes of aggregate, 
to preferably 1 volume of cement for 15 to 80 
30 volumes of aggregate. 

A substantial temperature increase is then 
noticed inside the mass. It should however 
be noted that in the process of the inven- 
tion said temperature rise is considerably So 
less marked than if the powdering was 
effected on a fresh mass of green-wood saw- 
dust, of water moistened sawdust or of saw- 
dust treated in the usual manner with 
barium or calcium chloride, followed if 90 
necessary by a powdering operation of a 
mineral material which is inert towards the 
cement, such as, for instance, iron oxide. 

It has also been found that said tem- 
perature rise was directly proportional with 95 
the amount of the treated cellulosic mass, 
whereas the proportion of cement introduced 
during said operation affected only very 
slightly the quantity of heat released. 

The apparent pH of the treated mass. ie. 100 
the external pH of the cellulosic particles 
(as shown by an indicator paper applied 
thereto) increases from 4 to 11, while acid 
vapours are released, between pH 3 and pH 5 
(as shown by an indicator paper held close 105 
to the mass). 

New excessively complex chemical re- 
actions then occur. More particularly, a 
calcium alginate is produced which further 
reinforces the insulation and waterproofing 
of each cellulose particle and gives it a hard 
outer layer. 

Physically, an apparent dedication of the 
treated mas will result, said mass then hav- 
ing the aspect of a coarse, granular dried 115 
powder. 

According to yet another embodiment of 
the invention, and after causing the material 
to be treated with alginates, it is not treated 
with an alkaline-earth salt, but is used 120 
directly as an aggregate for a barium or 
strontium cement, or. simoly, a coating is 
effected as in the preferred embodiment, by 
applying one of said cements in powdered 
form, the ultimate mixing being effected 125 
with a hydraulic binder, of the same com- 
position or of a conventional type. 

Other compounds may be used, having 
the properties of aerial or hydraulic binders 
or of puzzolana cement, such as lime, 130 
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plaster, flying ashes, slag powder from blast 
furnaces, pummice, puzzolana and the like, 
to serve as coatings for the particles, instead 
of the conventional cement, or serve, if 

5 necessary as additives. 

The material obtained by means of the 
process according to the invention forms a 
semi-finished stable product, which may be 
stored in silos or in bags, to be used when 

10 necessary. 

It has besides been found that a certain 
degree of maturing occurred during this stor- 
age, but that the ageing only improves the 
qualities of the finished product 

15 Said semi-finished product constitutes a 
stable aggregate, to be used specifically for 
preparing light, semi-light or heavy concrete 
materials. 

As above mentioned said aggregate is 

20 mixed in a mixer, preferably of the horizon- 
tal-drum type, with an artificial Portland 
cement in proportions varying from 1 
volume of cement for 2 to 4 volumes of the 
aggregate, and, preferably, for 3 volumes of 

25 the aggregate. After a quick mixing in the 
dry state, resulting in a homogenous mix- 
ture, the necessary amount of water for 
mixing is added or, in certain cases, the 
Kquid rejected during one of the two last 

30 draining stages. The proportions of the 
liquid required for mixing purposes is gener- 
ally comprised between 1/2 and 2/3 of the 
quantity of cement involved; the mixing is 
readily effected and the paste obtained is of 

35 a highly plastic nature. 

Before bagging or when proceeding to 
mortar preparation, the resulting aggregate 
according to the invention may be mixed in 
and desired proportions: 

40 with sand or gravel to form a mixed mortar, 
with products such as polystyrene granules, 
polyurethane, polyvinyl foams and the like, 
in the form of the expanded products there- 
of, in order to further increase its insulating 

45 qualities by improving its lightness, 

with granulated venniculhe, for preparing 
a long lasting high-temperature insulating 
material and fire-screening material lasting 
a long time, 

50 with any of the mineral fillers, of any de- 
sired granular size, capable of partaking or 
not partaking in the cohesion of the final 
product 

Hie mortar obtained by means of the 
55 process of the invention may be utilized 
immediately; it may also he stored in con- 
tainers, or, preferably, on a slightly inclined 
area, during 10 to 90 minutes. 
A perfectly clear liquid then flows from 
60 the paste, without carrying along the grout 
of the cement; the said liquid is highly basic 
( P H = 10). 

The starting of the setting of the mortar 
takes place between 2 and 5 hours, the end 
65 of the setting, between 6 and 24 hours, 



according to the cement contents of the mix- 
ture, and the ambient temperature. 

The final product obtained according to 
the above described method may have a 
final appearance which varies widely in 70 
accordance with the use and the surface 
treatment to which it is subjected. 

When moulding, a very accurate repro- 
duction of the textiure of the mould or of 
the framework is obtained on the surface 75 
of the material. In particular, a material of 
which the setting was produced on a per- 
fectly polished surface and treated by an 
anti-adhering agent, had an actual mirror- 
polish. 80 

Other aspect qualities may be obtained by 
spraying, when using the material as a coat- 
ing: 

by a brushing operation using a hard brush, 
during the setting, 85 
by brushing with a metal brush, after setting 
by scraping or roughing or by any other 
known means for the surface treatment of 
mineral-aggregate concrete (rough rolling 
etc.). ~ 90 

Moreover, the material according to the 
process of the invention may have its surface 
clean-treated by grinding or polishing. 

Various surface aspects may be obtained 
by using different granular sizes in the 95 
aggregates, by varying the nature of the 
cellulose species which, as is known, pro- 
vide widely different colours, without re- 
sorting, as usual, to a colouring operation 
of the aggregates. Marble-like appearances 100 
may thus be obtained. 

According to a feature of the invention, it 
is however also possible to produce a mix- 
ture of variously coloured aggregates, or else 
obtain the desired colour effect by a coating 105 
with alginate gels including pigment sub- 
stances; besides, grey or white cement may 
also be given a different colour. 

When moulding elements in the workshop 
or on the spot the material may be rein- 110 
forced by means of the conventional metal 
reinforcements. There is however advant- 
age in causing the latter to be subjected to 
a bonderizing or parkerizig operation, or to 
coat them by means of a brush, or by a 115 
mechanical or pneumatic spraying, or by 
dipping in a bath, with a slopping coating, 
either of pure cement, or of lime and cement 
mixture (the hydraulic binder grout may in- 
clude a chrome salt), ensuring a perfect 120 
adherence with the reinforcements. (The 
words "Bonderised" and "Parkerised" are 
registered Trade Marks). 

According to another embodiment of the 
invention, the material may be reinforced 125 
by reinforcements of vegetable origin, such 
as beams, wood larhines, straw, reed, jute 
cloth and other textile fabrics, or by means 
of mineral reinforcements, such as fiber- 
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glass cloth, rock cloth, "Nylon" cloth or 
other synthetic products. 

The finished product may also be sub- 
mitted to a surface treatment known per se, 
5 adapted to improve the qualities thereof, 
such as a silicating or sulphur treatment 

Moreover, the aggregate obtained after 
treating the cellulosic material according to 
the invention may be used not only with 
10 the usual known hydraulic binders, but also 
with magnesium cement f'Sorel cement")* 
white lime or hydraulic lime or plaster. 

The process of the invention is illustrated 
in the following Examples, which should 
15 however not be considered as limitative of 
the applications thereof: 

Example 1 

In a 200 litres tank, an amount of 6 kg 
of commercial ferrous sulfate (so called 

20 "snow** sulfate) was diluted with 150 litres 
of water. The said solution titrated 2° Be\ 
at a temperature of 15°C 

A mixture of sawdust material was added 
to the above solution derived from leafy and 

25 resinous wood species and dry bark wastes 
having the following composition: 
common or white pine sawdust: 25 1 weigh- 
ing 3.800 kg 

common (horse chestnut) sawdust: 25 1 
30 weighing 4.440 kg 

oak sawdust': 25 1 weighing 4.690 kg 
bark wastes and fibres: 25 1 weighing 4.450 
kg 

The mixture was then heated, the tern- 

35 perature being raised" — and maintained dur- 
ing one hour— to 80°C, ie. substantially 
at the boiling point Two stirring opera- 
tions were effected during this interval of 
time. The impregnation was completed 

40 when the total mass collected on the bottom 
of the tank, except a few fragments and dust 
particles which were removed from the sur- 
face. It was then considered that the osmo- 
tic interchanges were sufficiently developed. 

45 The solution was then drawn-off through 
a valve located at the lower portion of the 
tank, and carrying, at its inner side, a 
metallic filter. 
The draining was readily effected and was 

50 further accelerated by ramming the mass by 
means of a block. The quantity of liquid 
rejected in one half hour was 106 litres. 

Upon the mass being uniformly cooled 
down, at a temperature lower than 30°C, 

55 it was stirred with 16.5 litres of a 0.5% 
sodium alginate solution (such as the pro- 
duct known under the trade-mark "Noural- 
tex" marketed by Nourylande of Venette, 
near Compiegne (Oise) France) having a 

60 viscosity of 200 cp. at +20°C. Owing to 
the high film-producing power of this solu- 
tion, a quick stirring operation of the mass — 
of a few minutes— was sufficient for the 



mass to be uniformly distributed over the 
surface of each particle. 65 

A draining step was again necessary, pro- 
moted by exercising a slight compression: a 
clear liquid, of an amount of 18 litres, was 
then collected. 

The mass was then left to rest during 70 
one hour, stirred again and 15 I of a chlor- 
ide and barium solution at 21° Be were 
then added, at a temperature of 15°C, and 
raised to 23° Be* by the adjunction of cal- 
cium chloride. 75 

A further draining resulted in the rejec- 
tion of 18 litres of liquid. 

The cellulosic mass was then placed in 
a mixer of the horizontal-drum type; the 
volume contained was 135 litres, weighing 80 
58.800 kg. During the mixing process, 6.5 
litres of Artificial Slag Portland Cement 
(such as that marketed under the trade-mark 
"C O Q" by Poliet et Chausson, Paris, 
France) were added, weighing 7.200 kg. The 85 
mixing was readily carried out, owing to the 
good dispersion quality of said cement and 
to the absence of floatation, thus enabling 
each particle of the cellulosic mass to be 
completely covered up. 90 

The mass thus treated was placed on a 
flat space, and an increase in temperature 
of the order of 20°C occurred When the 
overall temperature reached 35°C, the cellu- 
losic product treated was uniformly distri- 95 
buted in a fine layer covering the flat space, 
whereupon it was left to dry naturally dur- 
ing 48 hours. 

After this period of time, the product was 
found to be dry and provided an excellent 100 
aggregate. Pending its use, the product was 
packed in paper bags for storing. The 
weight of the finished product, for a volume 
of 114 litres, was 46.700 kg. 

Example 2 105 

Manufacture of Concrete. 

45 litres of the aggregate prepared as des- 
cribed in Example 1, and weighing 16.650 
kg were put aside and mixed, in the dry 
state, in a horizontal-drum type mixer with 110 
15 litres of slag-containing Artificial Port- 
land Cement (AJ\C.) (225—350 French 
Standard: NF VP 15—309), weighing 
17.250 kg. When the aggregate-cement mix- 
ture was perfectly homogenous, 16,500 litres 115 
of water were added. As soon as formed 
the curdled mass progressively fluidified, 
yielding an unctuous, homogenous and firm 
mass. 

The mortar thus prepared was placed in 120 
carefully lubricated metallic moulds, corre- 
sponding to the desired shape of the final 
products; the said placing of the mortar was 
carried out carefully with a trowel so as to 
confer the maximum compactness to the 125 
mass. Hie upper face of the moulded 
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mortar was also carefully surfaced with a 
smoothing trowel. 

The setting began 2 hours after the mixing 
and was completed 7 hours thereafter. 
5 Withdrawing from the mould followed 12 
hours after die manufacture, yielding a total 
volume of 39.700 litres of concrete blocks 
havinw a total weight of 50.840 kg. 

r Aftcr a period of 28 from A» date 
10 of manufacture, the samples taken from 

the concrete showed the following charac- 
teristics: 

Specific gravity: 1,5 
Compressive strength: 156 kg/sq. cm 
15 Tensile strength: 43 kg/sq. cm 

Example 3 

This example relates to a practical em- 
bodiment of the invention, involving a semi- 
continuous process of manufacture of treated 

20 sawdust A rotary cooker was used, formed 
of a metal cylinder having an axial length 
of 8 m and a diameter of 2.20 m, rotating 
about its longitudinal axis and the inside 
volume of which was separated in 8 compart- 

26 ments by means of partitions arranged in 
such a manner that, at each rotation of the 
cylinder, sawdust being introduced at one 
end and a solution of ferrous sulfate at the 
other, fixed screens separate the solid par- 

30 tides from the liquid phase, roughly drain 
die said particles which are transferred 
through a shiice to the next compartment 
whereas the liquid is transferred by means 
of a deflector into the preceeding compart- 

35 ment Such a type of cooker, working 
according to the counter-current principle, 
is well known and need not be further des- 
cribed. A low-pressure steam flow at 110* 
C, was circulated through said cooker to 

40 maintain therein a temperature approximat- 
ing 100°C. 

Every 15 minutes, 250 litres of fresh 
resinous sawdust, collected at a saw-mill, 

^ w ^ fed to 831(1 cooker, at the other end of 

46 which a solution of 7 kg of commercial iron 
sulfate in 175 litres of boiling water were 
also poured every 15 minutes. The saw- 
dust was thus successively washed, then 
drained, in a series of baths, the last of 

50 which being formed by the purest and most 
concentrated sulfate solution. The eight 
dipping draining operations were found 
markedly to improve the treatment as des- 
cribed in example 1. 

55 On leaving the equipment, the sawdust 
was poured onto a vibratory screen, which 
led the sawdust into a recovery container. 
It was found that the fresh sawdust treated 
did not change its volume, each batch, after 

60 draining, still representing 250 litres. 

t The sawdust was then transferred by a 
lifting device, such as a screw or spiral con- 
veyor, and discharged into a vertical cylin- 
drical silo of 60 cubic meters. After a rest 



of over 24 hours, the sawdust was continu- 65 
ously withdrawn at the bottom of the silo 
and sent to a turbine mixer, at a rate of 50 
litres per minute. 

The turbine mixer consisted of a horizon- 
tal metal sheet body, having a horizontal 70 
cross-section in the shape of a spiral turn, 
the space comprised between the ends of the 
turn serving as a sight hole to watch the 
operation and to introduce the material to 
be stirred with the treated particles. Inside 75 
said body, a vertical rotating shaft, sup- 
ported by removable flanges, rotated at 
about 200 rpm; said shaft carried a series of 
combs having spaced teeth, arranged so as 
to stir, disintegrate and whirl the particles 80 
fed at one end, and carry them along to- 
wards the outlet onto a chute and discharge 
them on a vibratory screen. 

Through the sight-hole of the mixer, a 
0.6% sodium alginate solution was uni- 85 
formly sprayed at the rate of 5 litres per 
minute. Said solution, owing to its high 
film-forming degree, completely and uni- 
formly enclosed each sawdust particle. 

The draining was effected through a vi- 90 
brating screen and the material thus treated 
was discharged into a second silo where it 
was stored for over 12 hours. 

The material was then collected from said 
second silo, and fed, at the same rate of 50 95 
litres per minute as before, into a second 
turbine mixer wherein a barium chloride 
solution of 22° Baume' was sprayed at a 
rate of 425 litres per minute. After a drain- 
ing over a vibratory screen, the material was 100 
again stored in a silo for completing the 
chemical reactions. 

After a minimum storage period of 24 
hours, the sawdust was again withdrawn at 
a regular rate of 50 litres per minute and 105 
treated in a third turbine mixer, similar to 
the previous ones, wherein an artificial Port- 
land slag cement (C.PA.L., 225/350, French 
Standard) was sprayed dry at a rate of 3.75 
litres per minute. The sawdust was thus 110 
perfectly coated with a fine layer of 
powdered cement, which caused it to slightly 
dry on the surface. 

The sawdust thus treated was then dis- 
charged by a chute onto a vibratory belt and 115 
hencefrom into a recovery vat, wherefrom it 
was transferred by an elevator to a storage 
silo having a capacity of 60 cubic meters, 
where it remained for a period of at least 48 
hours: during this storage, a very substan- 120 
tial temperature rise occurred (15 to 30°C) 
the cement setting at the surface of each 
sawdust particle, the apparent humidity of 
which was considerably reduced. 

After storage in said silo, the treated saw- 125 
dust could be used as an aggregate. A 
longer storage, either in the silo, or in the 
open air under a covered shed, or in bags, 
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promoted the improvement of the quality 
of the product. 

Generally speaking, it may be noted that 
the apparent volume of the initially treated 
5 mass had not substantially increased by 
more than a volume corresponding to that 
of the powdered cement used during the 
last step of the process. 

WHAT WE CLAIM IS: — 

10 1. A process for treating a cellulosic ma- 
terial such as sawdust or wood shavings 
using alkaline-earth metal salts and alginic 
acid or the salts of alginic acid, comprising: 
impregnating the cellulosic material to be 

15 treated, preferably at an elevated tempera- 
ture, with an aqueous solution of one or 
more metal sulfates, e.g. iron sulfate, and 
effecting, if desired, a second impregnation 
with a metal sulfate, coating the cellulosic 

20 material with alginic acid or one or more 
-salts of alginic acid, and thereafter incor- 
porating in the mass an aqueous solution of 
a calcium, barium or strontium compound, 
for instance barium chloride, and if desired 

25 finally coating the treated mass, for instance 
with a small amount of dry powdered 
cement. 

2. A process for treating cellulosic ma- 
terials according to claim 1, wherein a 

30 second impregnation is carried out and uses 
a metal sulfate in the form of a powder or 
of an aqueous solution. 
" 3. A process according to claim 1 or 
2, wherein after at least one impregnation, 

35 the product is left to rest during a substan- 
tial period of time, ranging from a few 
hours to several days, before the coating 
with alginic acid or alginate(s). 

4. A process according to any of the 
40 preceding claims, wherein pure alginates are 

ing is effected with powdered alginic acid. 

5. A process according to any of the 
preceding clamis, wherein pure alginates are 
used or a combination of alginates with 

45 additives, such as fillers, activating or 
colouring materials. 

6. A modification of the process for 



treating cellulose according to any of the 
preceding claims, wherein the treatment with 
alginates is effected before the impregnation 60 
operations, or between these operations, 
after the addition of BaCl 2 or even after 
coating with cement in powder form. 

7. A process according to any of the pre- 
ceding claims, wherein said material is im- 55 
pregnated, preferably at an elevated tem- 
perature, with an aqueous solution of one 

or more metallic sulfates, whereafter the 
mass is drained, then a colloidal gel of algi- 
nates is added, whereupon the rejected water 60 
is discharged, and, finally, adding an aque- 
ous solution of a calcium, barium or stron- 
tium compound, the residual liquid being 
men separated from the treated cellulosic 
mass. 65 

8. A process according to claim 7, 
wherein the impregnation is effected with a 
sulfate, at a temperature comprised between 
70° and 100°C, during a period of time 
varying from 45 to 150 minutes. 70 

9. A process according to claim 7 or 8, 
wherein the concentration of the aqueous 
solution of sulfate is comprised between 0.25 
and 10% of sulfate, and, preferably, between 

0.5 and 4%. ™ 

10. A process as claimed in claim 1 or 
claim 6 for the treatment of cellulosic ma- 
terial, substantially as hereinbefore described. 

11. A cellulosic material, for example 
sawdust or wood shavings, wherever treated 80 
by the process according to any of the pre- 
ceding claims. 

12. Mortar or concrete prepared with 
a cellulosic material, for example sawdust 

or wood shavings, wherever treated by the 85 
process according to any of the preceding 
claims, and shaped articles prepared there- 
with. 

For the Applicants, 
CARPMAELS & RANSFORD, 
Chartered Patent Agents, 
24 Southampton Buildings, 
Chancery Lane, 
London, W.G2. 
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